The pulp and paper mill sludge emissions generate a considerable amount of pollutants. Paper mill sludge is high in organic matters which could be used in agriculture as a soil amendment. In this study, a carbonization method for paper mill sludge was established and the effects of carbonized sludge on wheat growth were determined. The results showed that the optimized carbonization conditions were using 0.1mol/L sulfuric acid to neutralize the sludge, and then carbonized at 300˚C, 0.5 h. The carbonized products were loose and porous. The results of pot experiment showed that when the amount of added carbonized sludge were 1% to 4% of the soils, with the increase of added carbonized sludge, the growth and plant weight were increased. The greatest wheat weight was obtained at the rates of 3%. The amount of Pb, Cd, Cr, Cu, Zn in soils did not exceed the safe controlling standards, the soil bulk density decreased, and the amount of the nutritional constituent such as N, P, and organic matter increased correspondently. So the soil qualities were improved after adding the carbonized sludge. This study indicated that carbonized paper sludge used as a soil amendment not only did not cause soil pollution but also improved the soil qualities, and then increased the plant growth when the amount of sludge applied on soil was proper.
INTRODUCTION
The industrial output of the pulp and paper industry has increased steadily over the years. According to the BRACELPA, Brazil's production in 2010 generated 540.18 thousand tons of pulp sludge and the European industry produces a total of eleven million tons of waste annually (Mymrin et al., 2015) . Pulp and paper sludge is difficult to deal with because of its high water content and complex components. Most of the pulp and paper sludge were discarded in landfills or industrial dumps which became a serious environmental pollution problem. More studies about paper mill sludge utilization have been conducted in recent years. The simplest and therefore the most common method is the use of the pulp and paper sludge as fuel (Demirbas, 2007) , but the method requires a considerable expenditure of heat energy to evaporate the water contained in the sludge because the pulp and paper sludge has high moisture content. Another fairly simple method for the disposal of the pulp and paper sludge is its use as landfill covering (Zule et al., 2007; Rokainen et al., 2009 ). Considerable experience has been accumulated in utilizing the pulp and paper sludge as low-cost adsorbents for the treatment of wastewater laden with heavy metals (e.g. cadmium, lead), and for removal of phenols and other dangerous materials (Battaglia et Pulp and paper mill sludge are most composed by cellulosic sludge which is high in organic matters. That makes them potential candidates to be land applied (Phillips et al., 1997; Rato Nunes et al., 2008) . It is necessary to study the effects of application of this waste product on soil properties and crop performance. The aim of this study was to establish a carbonization method of paper sludge and evaluate the effects of the carbonized products on the soil chemical properties and the growth of wheat.
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MATERIALS AND METHODS

Mateirals
The paper mill sludge was sampled from Xinlin paper mill in Shanxi province, China. The main composition of sampled paper mill sludge was the waste paper pulp, lignin, cellulose, etc. The water content of the paper mill sludge was 11.3%, the pH was 8.18, the conductivity was 3.00 ms/cm, and the alkali content was 0.03% (NaOH). Optimize the Carbonization condition of PS The paper mill sludge was neutralized by sulfuric acid and then carbonized at high temperatures. For optimize the carbonization condition of the paper mill sludge, the acid concentration changed from 0.005 to 2 mol/L, the temperature increased from 70 ºC to 300 ºC, and the carbonization time increased from 20 min to 4 h (the treatments as shown in table 2).
Pot experiment
The carbonized sludge were powdered and used as a soil amendment. A pot experiment was conducted to investigate its effects on wheat growth. Two types soil were chosen (S1, S2), and the characters of the two soils were shown in the table 1. For the two kinds of soils, 0，2g,，4g，6g and 8g carbonized sludge were added into 200g soils of one pot (which were labeled as blank, T1, T2, T3 and T4). 9 wheat seeds were planted in one pot. One treatment had three replications. The seedling heights of different treatments were recorded during plant growth. The plant weights of different treatments were recorded after 30 d cultivation. 
Soil analyses
The organic matter content, nitrogen content, phosphorous content, soil bulk density and the heavy metals (Pb, Cd, Cr, Cu, Zn) contents of soils were determined at the end of the pot experiment. The methods of determine soil organic matter content, nitrogen content, phosphorous content and soil bulk density were according to Page (1982) . Concentrations of Pb, Cd, Cr, Cu, and Zn were determined by atomic absorption spectrometry (AAS) after digestion of the samples with aqua regia according to EN 13346 (2000).
RESULTS AND DISCUSSION
The optimized carbonization conditions The paper sludge was carbonized under different conditions. The state of carbonized products was expressed by different letters and numbers, as shown in table 2. A to E represent the state of carbonized products from hard to loose, and 1 to 5 represent the color of carbonized products from yellow to black. E and 5 were the ideal state of carbonized products. From table 2, it can be seen that the carbonization rate increased with the increased acid concentration, and when the temperature were higher than 300˚C, the paper sludge can be carbonized. Considering the reuse of the waste acid from factory and to decrease energy consumption, 0.1mol/L acid concentration and 300˚C were chosen, and the carbonization time were 0.5 h. After the carbonization under the chosen conditions, the paper sludge was loose and porous, and the pH was 7.5.
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The effects of carbonized sludge on wheat growth
The results of the effects of adding carbonized sludge on wheat growth are shown in figure 1 . From the figure, it can be seen that for both two soils, the plant height of the treatments added carbonized sludge (T1 to T4) increased faster than the treatments without carbonized sludge (blank). With the amount of added carbonized sludge increased from 1% to 3% of soils (T1 to T3), the growth rates of plant height increased obviously. When the amount of added carbonized sludge increased up to 4% (T4), the increases of plant growth rates were stagnancy. After 30 d pot experiment, the plant weights of different treatments were determined and the results are shown in table 3. From the table, it can be seen that the plant weights of the treatments adding carbonized sludge increased about 31.43% to 127.92% comparing the treatments without carbonized sludge. The increasing rates of T3 were the highest. The increasing rates of soil 2 were higher than that of soil 1. The above results indicated that adding carbonized sludge into soil at a proper amount can promote wheat growth. For low fertilizer soil, the promote effects were more obvious. The effects of carbonized sludge on soil characters To explore the reason of promote effects of carbonized sludge on wheat growth, the change of soil characters, containing soil bulk density, organic matter, available N and P were determined. The results are shown in Table 4 . From the table, it can be seen that after adding carbonized sludge, the soil bulk densities were decreased, the organic matter, available N and P were increased. Those changes of soil characters were all benefit for wheat growth. It can be conclude that carbonized sludge improved the soil qualities and then promote plant growth. The heavy metals risk of carbonized sludge use on soil The benefits of paper sludge as an agricultural soil amendment are obvious, which allows maintaining or restoring the quality of soils, reducing the need for inorganic fertilizers. However, a wide variety of undesired traits can have adverse effects on the environment as a consequence of this practice. So it is important to gather knowledge on the risk of the use of paper sludge as agricultural soil amendments.
International Forum on Energy, Environment Science and Materials (IFEESM 2015) The most attentions on the risks of sludge on land use are heavy metals. In this study, we determined the heavy metals contents of soils adding carbonized sludge. The results are shown in Table 5 . From the results, the amounts of Pb, Cd, Cr, Cu, Zn in soils with carbonized sludge were increased little than the blank soils, which did not exceed the safe controlling standards. It indicated that the use of carbonized sludge on soil did not have heavy metal risks.
CONCLUSIONS
From the study, we find a novel reuse method of paper mill sludge. At first, the paper sludge need to be carbonized under the optimized conditions: using 0.1mol/L sulfuric acid to neutralize the sludge, and then carbonized at 300˚C, 0.5 h. Then the carbonized products can be used as soil amendment. The results of pot experiment indicated that adding carbonized sludge into soil at a proper amount can promote wheat growth. For low fertilizer soil, the promote effects were more obvious. The soil bulk density decreased, and the amounts of the nutritional constituent such as N, P, and organic matter increased correspondently, which is the main reason of promote effects of carbonized sludge on wheat growth. The amount of Pb, Cd, Cr, Cu, Zn in soils did not exceed the safe controlling standards. In summary, carbonized paper sludge used on soil as a soil amendment not only did not cause soil pollution but also improved the soil qualities, and then increased the plant growth when the amount of sludge applied on soil was proper.
